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Abstract: As an evolutional variable cycle engine concept of wide adaptability and multivariable control
techniques, the adaptive cycle engine can switch different operating modes in typical working conditions for
thrust or specific fuel consumption performance gains. These operating modes lead to the mode switch transient
state problems under typical mission profiles. Based on the adaptive cycle engine mode switch transient state per-
formance model, relevant research on the design method of mode switch transient control schedule was carried
out. The "intermediate state" mode switch control schedule design method by stages and the adjustable variable
adjustment strategy such as "mode switch speed" were proposed. Results show that the low—pressure speed in-
creases by 0.38% and the thrust decreases by 0.06% during mode switch, indicating that the method can guaran-

tee continuous changes in thrust and other parameters including the engine speed during mode switch under typi-
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Fig.1 Working principles and modes of adaptive cycle engines
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Table 1 Four working modes of adaptive cycle engines

Mode First bypass Second bypass Third bypass
Ml Open Close Close

MI13 Open Close Open
M2 Open Open Close
M3 Open Open Open
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Fig.2 Calculation process of the simulation model

Table 2 Residual equations for different working modes

Mode Numbers of residual equations
M1 7
M2 7

M13 8

M3 8
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Fig. 3 Transition state performance calculation logic flow

chart
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Table 3 Reference values of steady-state variable geometric regulation rules under different working modes

Mode VSV () VSV s/ () VSVpe! () MSV As, VAN Ag
M1 -85 0 0 Close 0.20 1.10 1.0
M13 0 0 0 Close 0.20 1.10 1.0
M2 -85 -30 -15 Open 1.00 1.00 1.0
M3 0 -30 -15 Open 1.00 1.00 1.0
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Fig. 4 Schematic diagram of the mode selection valve and

the front variable area bypass injector
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during throttling in mode M13 and M3
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Table 4 Important parameters set for mode switch

Parameter Value
Time step/s 0.02
Inertia of low pressure rotor/(kg+m?) 7.0
Design speed of low pressure rotor/(r/min) 9170
Inertia of high pressure rotor/(kg-m?) 6.0
Design speed of low pressure rotor/(1/min) 1.5x10*
Afterburner working condition No
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Fig. 8 Adjustment scheme of variable geometries during

mode switch
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Table 5 Variable geometric settings for four mode states during the mode switch process

Variable geometry M13 initial

M13 intermediate M3 intermediate M3 termination

Fan on blade variable stator vane VSV, /(°) -63
Core driven fan stage variable stator vane VSV, /(°) 0
High pressure compressor variable stator vane VSV,,./(*) 0
Front variable area bypass injector A, 1
Rear variable area bypass injector A, 0.2
High pressure turbine variable area nozzle VAN ;,,/(*) 1
Low pressure turbine variable area nozzle VAN, ,,/(*) 1.1

1

Nozzle throat section Ag

-40 -40 =37
-15 -15 =30
-10 -10 =20
1 1 1
0.25 0.25 1.0
1 1 1
1.1 1.1 1

Table 6 Related performance parameters

at low pressure speed in mode switch

Parameter M13 initial M13 intermediate M3 intermediate M3 termination
Thrust F/N 15641.17 15643.13 15641.58 15654.59
Specific thrust F /(N/(kg/s)) 348.94 316.7 319.87 312.3
Total air flow W /(kg/s) 121.31 133.68 132.34 135.66
Turbine front temperature T ,/K 1363.98 1287.25 1287.49 1344.59
Total bypass ratio B 0.7 0.74 0.7 1.09
First bypass ratio B 0.44 0.35 0.16 0.17
Second bypass ratio B, 0 0 0.13 0.39
Third bypass ratio B, 0.18 0.29 0.29 0.29
Converted fuel flow W /(kg/s) 0.4637 0.4383 0.4429 0.4294
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Fig. 9 Performance parameters of throttling processes during mode switch

Table 7 Speed related parameters during mode switch

Low pressure

High pressure

Parameter rotor rotor

Initial relative physical speed 0.790 0.766
Terminate relative physical speed 0.793 0.824
Relative change/% 0.38 7.57
Minimum relative physical speed 0.775 0.766
Maximum relative physical speed 0.828 0.865
Average relative physical speed 0.790 0.826
Relative range/% 6.70 11.99

Table 8 Performance related parameters during mode

switch
Total air Turbine front
P ot Thrust/kN
arameter rus flow/(kg/s)  temperature/K
Initial value 15.64 121.3 1364
Terminate value 15.63 136.2 1346
Relative change/% -0.06 12.28 -1.32
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